Background and Purpose: In this study we analyzed the value of ultrasound examination for diagnosis of vertebral artery dissection.
D issections of cervicocerebral arteries have been increasingly recognized during the last 10 years as a cause of head and neck pain associated with transient ischemic attacks or strokes, especially in young patients.1-8 Internal carotid artery (ICA) dissections seem to be much more frequent than vertebral artery dissections (VAD).9 However, our experience with 14 patients diagnosed during a 2½/2-year period exceeds the cited incidence of 1 to 3 cases per year in large referral-based hospitals.4,7'0"11 It is therefore possible that VAD is underrecognized.
The prominent clinical features of VAD are severe ipsilateral neck and occipital head pain and vertebrobasilar ischemia. Distal artery-to-artery embolism from local thrombosis at the stenotic segment1213 or anterograde progression of thrombosis may cause vertebrobasilar infarction leading to permanent disability or death. Therefore, most authors recommend immediate anticoagulation with heparin in extracranial VAD to prevent progressive clot propagation, embolism, and Sturzenegger et al Ultrasound in Vertebral Artery Dissection were analyzed. They were all admitted within 21/2 years (1990 through 1992). The patients were specifically interviewed regarding (1) vascular risk factors (high blood pressure, diabetes, hypercholesterolemia, smoking, use of oral contraceptives); (2) previous neck or head trauma, unusual neck movements, head position, sports activities, and strenuous exercises in the period before VAD; (3) warning symptoms (head or neck pain, vertebrobasilar transient ischemic attack); and (4) actual (presenting) symptoms (headache and neck pain, symptoms of vertebrobasilar ischemia) ( Table 1 ). All patients had complete blood cell count, sedimentation rate, serum protein electrophoresis, profile of blood glucose, cholesterol, and lipid electrophoresis, coagulation studies (platelet count, prothrombin time, anticardiolipin antibodies), liver enzymes, serum creatinine, Lyme and lues serology, electrocardiogram, chest x-ray, x-ray of cervical spine in four planes, echocardiogram, extracranial and transcranial pulsed-wave Doppler sonography, and extracranial Doppler duplex sonography. The ultrasound investigator was not involved in the patients' management, and in the 6 patients who had imaging procedures before ultrasound examination, he was blinded to these results. Twelve patients had cerebral computed tomographic scan, and 8 had lumbar puncture on the day of admission. Nine patients had selective cerebral catheter angiography, 13 had MRI scans, 8 patients had both MRI scans and angiography, 1 had angiography only, and 5 had MRI only (Table 3) . Arterial stenosis and mural hematoma were judged according to location, extent, regularity, and degree. The location of the arterial changes was defined according to standard criteria19,20: V-1 (prevertebral) segment: from origin of subclavian artery to entry of transverse foramen; V-2 (intertransverse) segment: course in the costotransverse canal C-6 to C-2; V-3 (atlantoaxial) segment: C-2 transverse process to occipital foramen; V-4 (intracranial) segment: dural entry to junction with contralateral vertebral artery (VA). All patients except two (patients 8 and 14) had clinical and ultrasonographic follow-up every 2 to 3 months for at least 6 months ( 
Extracranial Doppler Examination
The technique for extracranial Doppler examination has been described in detail previously. 26 We used the same device as for transcranial Doppler recordings, described below. The carotid systems (CCA, ECA, ICA), the subclavian artery in the supraclavicular region, and VA at the atlas segment (V-3) and through the occipital foramen (V-4 segment) were examined by continuous insonation on both sides. For VA examination the probe was positioned medial to the mastoid process (lateral suboccipital approach).27-30 Doppler signals at an insonation depth between 3 and 7 cm were allocated to the VA.26 Supratrochlear and ophthalmic arteries and carotid siphons were measured by a transorbital approach.
Transcranial Doppler Examination
The technique for transcranial Doppler recordings has been described in detail by Aaslid.31 A microprocessor-controlled directional pulsed-wave Doppler device operating at 2 MHz was used for all transcranial Doppler ultrasound examinations (TC 2000, EME, Ueberlingen, Germany). Middle cerebral, anterior cerebral, posterior cerebral artery, and ICA bifurcation were analyzed at different depths by a transtemporal approach and intracranial VA and basilar artery through the occipital foramen. The VA was insonated from the lateral suboccipital approach. The basilar artery was examined from a median suboccipital probe position at an insonation depth of 7.5 cm or more. 26, 29, 30, 32, 33 Analysis of Ultrasound Findings Maximal systolic and diastolic and time mean BFV were measured in each vessel. Pulsatility index (PI) was calculated according to the following formula: PI=(Systolic BFV -Diastolic BFV)/Mean BFV. 26 Eighty normal control subjects with the same age and sex distribution as the patients were examined the same way. Their values served as reference and are presented in Table 2 . 45 The BFV and PI of the affected and unaffected VA and of basilar artery of patients were compared with those of the control subjects. In regard to criteria, a side difference of mean or diastolic BFV exceeding 12 cm/s persisting on repeated measurements was considered potentially abnormal ("weak" abnormal sign). This cutoff value was chosen from the results of the side differences measured in the control subjects (average+2 SD) ( Table 2 ). This sign is considered weak abnormal because hypoplasia may be the cause. Absent flow signal, severely reduced VA BFV, no diastolic flow, bidirectional flow, and a stenosis signal were considered definitively abnormal ("hard" abnormal sign).
Cerebral Angiography
Selective vertebral arteriograms were obtained in 9 patients. Catheterizations were performed by the percutaneous femoral approach; 6F polyethylene catheters and Topamidol as contrast agent were used. Maximal stenosis was classified into three grades: slight, moderate (more than 50% diameter reduction) (Fig 1) , and high grade (more than 80% diameter reduction).
Magnetic Resonance Imaging
Five-millimeter imaging contiguous axial and sagittal sections of the head and neck using Ti-and doubleecho T2-weighted spin-echo sequences were acquired using a General Electric Signa 1.5-T imaging system. Most patients also had images using a fat-suppression technique (chemical shift imaging method34) (Fig 2e) . Stenosis was classified measuring the maximal degree of luminal (flow void) narrowing at the dissection site. No flow void was considered high-grade stenosis or occlusion. Criteria for mural hematoma were thickened vessel wall with hyperintense signal on Ti-and T2-weighted images (Fig 2) .
Statistical Analysis
Statistical analysis was performed using simple regression analysis and nonparametric tests such as the Wilcoxon signed-rank test and the Mann-Whitney U test. 
Laboratory Findings
Thirteen patients had echocardiography, which was normal in 11, showed left ventricular enlargement in 1, and mitral valve prolapse in another patient. Eight patients had cerebrospinal fluid analysis, with normal results in all. Blood analyses were normal in all.
Neuroradiology Findings
Cerebral computed tomographic scan on the admission day was performed in 12 patients. There was no brain-stem or subarachnoid hemorrhage.
Angiography was performed in 9 patients. It showed high-grade stenosis of the VA in 5 and moderate stenosis in 4 patients (Fig 1) . Six had an irregular stenosis, which is considered typical for VAD (Fig 1) . One patient had a megadolichoectatic basilar artery, and 1 had VA coiling.
Thirteen patients had MRI of the brain and neck vessels. Our findings included cerebellar and brain-stem infarction in 4 patients, isolated cerebellar infarction (all posterior inferior cerebellar artery territory) in 4, isolated brain-stem infarction in 4, and no signal changes in the brain parenchyma in 1 patient (Table 3) .
Magnetic resonance imaging of the neck vessels showed narrowing of the vessel lumen (flow void) at the dissection level in all patients. Minimal or absent flow void, interpreted as high-grade stenosis or occlusion, was seen in 6 patients. A mural hematoma, most often small and crescent, was identified in 12 patients as hyperintense signal on both Ti-and T2-weighted images (Fig 2) . Because of its small extent, mural hemorrhage could be best identified and distinguished from adjacent fatty tissue with fat-suppression images (Fig 2e) . In the 1 patient without visible mural hematoma, the delay from first symptoms to MRI was 6 weeks (Table 3) .
Combining MRI and angiographic findings, VAD affected the V-3 segment in 6 patients, the V-3 and V-2 segment in 3, the V-3 and V-4 segment in 3, and the V-2 segment in 2. In summary, the V-3 segment was affected in 12, the V-2 segment in 5, and the V-4 segment in 3 patients (Table 3) segment and in another with a high-grade stenosis of the V-2 segment. The stenotic segment with increased BFV could be detected in only 2 patients, who had moderate stenosis of the V-3 segment (Tables 3 and 4) .
Duplex examination of the midcervical intertransverse (V-2) segments in those patients without detectable Doppler signal at the atlas loop demonstrated absent flow signal or high-resistance flow profile without diastolic flow (Fig 3) . Thus, the Doppler finding was corroborated as pathological and not due to technical problems. In the 2 patients in whom extracranial Doppr C9 A a)
.445 ler detected the stenosis directly at the atlas loop, duplex helped to distinguish this high BFV from compensatory high BFV due to contralateral stenosis by demonstrating low BFV in the prestenotic segment ipsilaterally.
Two patients had normal ultrasound findings: 1 with a moderate stenosis of the V-2 segment and 1 with a moderate stenosis of the V-3 and V-4 segment (Tables  3 and 4 This correlation was lost in patients (r=.01, F =0.001, P=.97). Side differences of BFV were significantly higher in patients than in control subjects (P=.0001).
In the patients with measurable BFV, there was an increased PI of the affected VA compared with the nonaffected side (P=.05) or to control subjects, indicating distal high resistance. Correlation between left and right side in control subjects for PI was high (r=.47, F 18.97 P= .0001). In patients the correlation was lost (r=.03, F=0.01, P=.92).
Discussion
Vertebral artery dissection is considered to be rare.3-5,7 35 Our findings in 14 patients observed within 21/2 years suggest that its incidence may be underestimated. 23 One reason is that the clinical features, although quite typical, are not familiar to many physicians: in not one of our 14 patients was the diagnosis of VAD suspected by the referring physicians. Patients are referred because of headache or vertebrobasilar ischemia. Another reason might be the common opinion that diagnosis of VAD is possible only by angiography, a procedure that is not readily performed because of its risks.36 '37 Vertebral artery dissection in most reported series and case reports causes vertebrobasilar stroke (13 of our 14 patients)"2,4-735 with persistent (7 of 14) and often disabling (4 of 14) neurological deficits. VAD may occur asymptomatically and be detected by chance," [7] [8] [9] it may present with headache only,1"3'38 or it may cause various transient or persistent syndromes of vertebrobasilar ischemia such as tinnitus, amnesia,38 Horner's syndrome, vestibular and cerebellar syndromes,17 lateral medullary syndrome (50% in the reported series),1'2'7 or even locked-in syndrome.7 Headache is not present in all symptomatic patients (2 of our 14 patients)."12 '35 The reported clinical features may be biased because of invasive investigation (angiography) of severe cases with stroke only. Benign forms and the most severe cases may escape detection when additional investigations are not performed.
In at least half of the patients, head and neck pain and, more rarely, vertebrobasilar transient ischemic attack precede the onset of stroke as a warning symptom heralding early nonocclusive dissection (9 of our 14 patients)."2'39 Usually the pain has an acute sharp quality, never previously experienced, and severe or unbearable intensity. Mostly it is located in the lateral occiput and neck on the dissection side. -3,7,40 The recognition and correct interpretation of these warning symptoms may offer the possibility of stroke prevention by anticoagulant therapy.
Diagnosis cannot be made reliably on clinical grounds alone, especially in the early phase. Embolic or atherothrombotic VA occlusion or intracranial dissection with subsequent subarachnoid hemorrhage may cause similar pain4",42 and also vertebrobasilar ischemia. Angiography, at present still considered the gold standard for definite diagnosis, is not without risk36, 37 Low BFV* ipsilateral (1) Low BFV* ipsilateral (2) Bidirectional flow (1) No diastolic flow (2) High BFV* contralateral (4) High BFV* contralateral (4) Stenosis (0) Stenosis (0) Moderate stenosis, V-3 (n=4) (Pts 1, 6, 7, 11) Stenosis* (2) Low BFV* ipsilateral (2) Normal (2) High pulsatility (1) Normal (1) High-grade stenosis, V-2 (n=1) (Pt 2) Normal Low BFV* ipsilateral Moderate stenosis, V-2 (n=2) (Pts 5, 9) Low BFV* ipsilateral and high No signal ipsilateral (1) BFV* contralateral (1) Normal (1) Normal (1) Diagnostic SD of control subjects with broadened frequency spectrum and audible turbulence; high BFV, >mean+2 SD of control subjects; and low BFV, <mean+2 SD of control subjects.
First, it is more difficult to detect VA than carotid pathology using Doppler and duplex sonography because of the deep location of the VAs covered by sound-absorbent structures, frequent anatomic variations, extensive collateral anastomotic network at several levels, and the small caliber of the VAs.19 '20'54 Second, surgical interventions in the vertebrobasilar system are still a matter of great debate, and vascular anatomy and stroke mechanism suggest the need for medical interventions. Third, the hemodynamics of vertebrobasilar arterial diseases are different from those of the carotid system.27'28'55 '56 Examination of the VA origin has a high failure rate both with Doppler27'28,32 ' For these reasons we used a combination of extracranial and transcranial pulsed-wave Doppler sonography to examine the atlantoaxial (V-3) and the intracranial (V-4) segments, and we used duplex sonography for examination of the (prelesional) intertransverse (V-2) segment at the C-5/C-6 level.
We could not detect any pathognomonic finding or combination of findings using these ultrasound methods. The dissection itself could not be visualized, and in the case of direct stenosis detection (high BFV) or indirect signs of stenosis (severely reduced or absent ipsilateral VA BFV, increased PI, increased contralateral BFV), no further information about its cause could be obtained.
However, in the rare case when dissection affects the pretransverse (V-i) or low cervical intertransverse (V-2) segment directly accessible to duplex scanning, Touboul et a150 reported quite distinct findings: increased arterial diameter, decreased pulsatility, and intravascular echos in addition to hemodynamic signs of stenosis or occlusion. Hoffmann et al18 reported seven dissections of the V-1 segment, two of them occluded, and seven dissections of the V-2 segment. However, no data on B-mode findings were given.
Nevertheless, the yield to detect any abnormality or side difference in the hemodynamic parameters (BFV, PI) was 86% and was 64% when only definitively (hard) abnormal findings were considered ( (Fig 1) . Exact determination of percent diameter reduction of the vessel lumina (flow void) using axial magnetic resonance sections proved difficult as well. There may be several reasons for this, such as the tiny dimensions of the VAs compared with the voxel size, partial volume averaging when the vessel is imaged obliquely, or the highly complicated effects of flowing blood on signal in spin-echo images (Fig 2c and 2d) (Fig 2) . MRI and magnetic resonance angiography may become the method of choice for diagnosis of VAD. Angiography may still be needed in certain cases. When intracranial dissection is suspected, eg, in a patient with a stiff neck due to subarachnoid hemorrhage, the causative pseudoaneurysm may still be better delineated with conventional angiography than with MRI. Experience with magnetic resonance angiography is still too limited to allow any conclusion. Sequential ultrasound examination can show recanalization or normalization of blood flow and thus proves helpful in determining the duration of anticoagulant treatment.
In conclusion, combined Doppler and duplex ultrasound examination is a sensitive screening technique in VAD but cannot replace diagnostic confirmation by imaging procedures such as MRI.
